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1 . INTRODUCTION 
1 .1 Review in quant i ta t ive studies of hedgerow birds 
The study of hedgerows and birds has existed for years but few 
attempts have been made to analyse s t a t i s t i c a l l y the re lat ionships 
between the two (Osborne, 1984). The major i ty o f studies lack 
adequate s t a t i s t i c a l analysis of the re lat ionships between bird 
numbers and hedgerow quanti ty and qua l i t y over a wide spectrum of 
farm types (O'Connor, 1984). S ta t i s t i ca l de f in i t i ons of the 
relat ionships between bird numbers and habitats is important, 
pa r t i cu la r l y in applied ecology because i t allows predict ions to 
be made about the ef fects of habitat change on birds (Osborne, 1 982,1 984). 
Farina (1983) gives a good account of the h i s to r i ca l development 
o f quant i ta t ive methods of habitat descr ipt ion in orn i tho log ica l 
studies and a descr ipt ion of the main features of the methods used in 
d i f f e ren t habi ta ts , including hedgerow b i rds ' habi tats . A close 
cor re la t ion between bird species d i ve rs i t y and plant species d i ve rs i t y 
has been demonstrated by many workers studying woodland birds 
(e.g. MacArthur and MacArthur 1961, MacArthur 1964, 1965, MacArthur 
et_ aj_. 1 962, 1 966, Recher 1 969, Tramer 1 969, Wilson 1 974) but no 
attempt has been made to study the relat ionships between b i rd species 
d ive rs i t y and hedgerow character is t ics such as length, width, height, 
volume and hedgerow plan area and hedgerow shrub species d i ve r s i t y . 
1.2 The aim of the study 
The aim of th is work is to re late these hedgerow character is t ics 
to b i rd species d i v e r s i t y , b i rd numbers and the numbers of bird 
species. I t is also intended to make a comparison between bird species, 
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b i rd re la t i ve abundance, b i rd d i s t r i b u t i o n and density of b i rd species 
at the two study areas. 
1.3 The importance of hedges to birds 
In addi t ion to the ecological and economical importance of 
hedgerows, they serve birds in several ways, for example as feeding, 
nest ing, roosting s i t e s , cover from predators and as avian highways 
for movement and d ispersal . For fur ther information of the 
importance of hedges and i t s e f fec ts on b i rds , see Parslow (1969), 
Pol lard e_t al_. (1 974) and the recent quant i ta t ive studies of 
Osborne (1 982, 1 983, 1 984), Arnold (1 983) and O'Connor (1 984). 
2. METHODS 
2.1 Study area 
The data were col lected between early May and la te June 1985 
on 130 hedges (25 km of hedge) at two s i tes A and B chosen randomly 
at d i f f e ren t locat ions in County Durham, North East England. 
Fig. (1 ) . Site A consisted of a hundred hedges which were examined 
near Durham City and Site B consisted of t h i r t y hedges studied 
in Weardale. 
2.2 Procedures 
Each hedge was v i s i t ed once, e i ther in the morning or in the 
evening and the fo l lowing basic information was recorded : 
1 ) Bi rd census and 
2) Hedge charac ter is t ics 
2.2.1 Bird Census 
To avoid d is turb ing the b i rds , the bi rd census was carr ied out 
by watching and counting the number o f species and the number of 
ind iv iduals in each hedge before recording the basic data on the 
hedge. Between 30-40 minutes were spent co l l ec t i ng the basic hedge 
data and on the b i rd census, the actual length of time varied 
according to hedge length and weather condi t ions. The census was 
made between 09.00-12.00 and 14.00-18.00 B.S.T. For watching and 
i d e n t i f i c a t i o n of the bi rd 1 used zoom binoculars 7-15 x 35 and the f i e l d 
guidebook by Hei n zel.Fi t t e r and Parslow (1 974 ). Thirteen common 
hedgerow bird species were found (Table 1) . 
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Figure 1 : The geographical locations of the two study areas. 
Site A consisted of 100 hedges examined near Durham C i t y , 
and s i te B consisted of 30 hedges studied in Weardale. 
The so l id c i rc les show the sampling locations at both 
s i tes A and B. 






















Great t i t 
Blue t i t 
Songthrush 
Wi 1 low warbl er 
Dunnock 
Turdus merula 
Emberiza c i t r i n e l l a 
Carduelis ch lor is 
Acanthi's cannabina 
Fringi11 a coelebs 
Sylvia communis 
Erithacus rebecula 




Phyl1oscopus trochi1 us 
Prunella (nodularis 
* Absent from s i te B. 
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2.2.2 Hedge character is t ics and i t s measurements 
Af ter completing the bi rd census, I measured the hedge 
length by pacing along i t s side and at each f i ve paces (5m. i n te rva l s ) 
the hedge shrubs species were recorded. The width and height of 
the hedge were measured, when I found dif ferences in the height 
or width of the hedge I have taken the average. The dominant 
shrubs species, distance from hedge edge to a crop or road (both 
sides of the hedge), number of occurrences for each hedge 
shrubs species were recorded. Also other related information 
were recorded; date, t ime, place, nature of the f ie lds on each 
side (grassland, crop or ploughed f i e l d ) and general comments, 
e.g. whether the hedge was trimmed or not, were recorded (Table 2 ) . 
From these data I have derived: 
1 . Total number of species and indiv iduals of birds in each hedge. 
(Appendix 2 for s i te A and appendix 3 for s i t e B, with the format 
of the data described in appendix 1) 
2. Total number of species and occurrences of hedge shrubs in 
each hedge (Appendix 2 and 3) and (Table 3) for l i s t of 
plant species at both si tes A and B. 
3. The volume and plan area of each hedge. 
4. The d ive rs i t y index of shrubs and birds for each hedge were 
S -1 
computed using Margalef's (1951) d ivers i t y index (a = ^ ) 
Where a is the index of d ivers i t y 
S is the number of species 
N is the number of indiv iduals 
The other calculat ions (Mul t ivar ia te analysis) were performed 
using the SPSS-X (S ta t i s t i ca l package for the social sciences) programme 
(Nie, 1 983, 1 984) . 
























4. Dominant species: 
5. Distance of hedge ins ide: 
6. Distance of hedge outside 
Field on one side: 





























L i s t of shrub species 
Crataegus monogyna 
Li gus trum vulgare 
Hedera he!ix 
Aesculus hi ppocastanum 
Corylus avel1 ana 
Sambucus ni gra 
Acer psendopiatanus 
I I ex aqui foliurn 
Rosa vi11osa 
Fraxi nus excelsior 
Rubus frut icosa agg. 
Prunus spi nosa 
Fagus sylvat ica 
Sorbus aucupana 
Sali x ci nerea-type 
Carpi nus betulus 
Taxus baccata 
Quercus rubra 
III ex europaeus 






3.1 Difference in the hedges at the two study s i tes 
A comparison between the hedges at the two s i tes A and B 
showed that they were s imi lar in most of the hedgerow character is t ics 
height , w idth, shrub a -d ive rs i t y and the commonest shrub species 
(Tables 4, 5, 6 and 7 ) . The si tes d i f fe red in the length of the i r 
hedges and the percentage occurrences of the dominant and non-
dominant hedge shrubs. Most of the length of the hedges at 
s i te A ranged between 150-250 m (the mean was 216 ± SD85.5) while 
the length of hedges at s i te B were mainly between 50-100 m 
(the mean was 108 ± SD36.9) (Table 8) . The di f ference in the 
length at both s i tes was highly s ign i f i can t ( t = 9.9, df = 128, 
p <0.001). Hawthorn was the dominant shrub species at both si tes 
but d i f f e ren t in percentage occurrences of the dominant. At 
s i te A, i t was dominant in 85% of the hedges and 57% of the hedges 
in s i t e B (Table 7 ) . 
The percentage occurrences of non-dominant hedge shrub 
at both s i tes was d i f f e r e n t . At s i t e A, the mode was in the 
range 40-49% (the mean was 41 ± SD19.5) while the percentage of 
non-dominant hedge shrub at s i t e B had the mode between 60-69% 
(the mean was 53 ± SD15.3). The di f ference in the percentage 
occurrences of non-dominant hedge shrub at both si tes was highly 
s ign i f i can t ( t = 3.5, df = 128, p <0.002 )(Table 9). 
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The frequency d i s t r i bu t i on of dominant shrubs in 100 
hedges examined near Durham (s i t e A ) and 30 hedges at_ 
Weardale ( s i t e B ) 
Shrub species 
No. of hedges 
Site ( A ) 
% of to ta l 
(Site ( A ) 
No. of hedges 
Site ( B ) 
% of to ta l 
(Site ( B ) 
Hawthorn 85 85 17 5 6 . 7 
Bl ackthorn 2 2 
Gorse 2 2 
El der 2 2 : 3 1 0 . 0 
Hazel 2 2 2 6 . 7 
Pri vet 1 1 
Yew 1 1 
Rowan 1 1 1 3 . 3 
Whi tebeam 1 1 
Norway spruce 1 1 
Oak 1 1 
Rose 
1 1 7 2 3 . 3 
Total 1 0 0 100 
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3.2 The re la t ionsh ip between hedgerow character is t ics at s i tes A and B 
Table 10 shows the simple corre lat ions between shrub cx-diversity 
and hedge physical character is t ics at s i tes A and B. At s i te A , shrub 
u -d ive rs i t y was s i g n i f i c a n t l y correlated with width, height, and 
shrub species but is not correlated with length and shrub occurrences 
(number of shrub recorded every 5 m of hedge). At s i te B, the shrub 
d i ve rs i t y was s i g n i f i c a n t l y correlated with length, number of shrub 
species and shrub occurrences but is not wi th width or height. The 
number of shrub species (Table 11) was s i gn i f i can t l y correlated wi th 
w id th , height and shrub occurrences at s i te A. At s i te B, shrub 
species was s i g n i f i c a n t l y correlated with length and shrub occurrences 
but is not correlated with width or height. Table 12 gives the 
simple cor re la t ion between height and length and width of hedgerow 
at s i tes A and B. The height and width were highly correlated at both 
s i tes and height and length were correlated at s i t e B but they were 
not s i gn i f i can t at s i te A. 
Table 13 shows the simple corre lat ions between length and 
width of hedgerow at s i tes A and B were not s i g n i f i c a n t l y correlated 
at both s i t e s . The cor re la t ion between shrub occurrences and width 
were not s i g n i f i c a n t l y correlated at e i ther s i t e s , also the shrub 
occurrences were not s i g n i f i c a n t l y correlated with height at Site A 
but were s i g n i f i c a n t l y correlated with height at s i te B (Table 14). 
Table 15 gives the mul t ip le regression coe f f i c ien ts between shrub 
cx-diversity and height, length and width of hedges at si tes A and B. 
I t should be noted that at both si tes r = .48 and so . 2 3 or 2 3 ' ' ( r 2 ) 
of the var ia t ion in shrub d i ve rs i t y is explained by the three 
physical character is t ics of the hedge. 
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Table 10 : The simple cor re la t ion between shrub ct -d ivers i ty and 
hedge physical charac ter is t i cs at s i tes A and B 












r -0.099 0.489 0.388 0.934 -0.053 
P NS < 0.001 < 0.001 < 0.001 NS 
Site 
B 
r 0.376 0.235 0.086 0.955 0.379 
P < 0.05 NS NS < 0.001 < 0.05 
df = 98 for s i te A and 28 for s i t e B 
Tables 11 : The simple co r re la t ion between shrub species and 
the other hedgerow charac ter is t i cs at s i tes A and B 




r 0.074 0.507 0. 404 0.722 




r 0. 61 3 0. 293 0. 233 0.625 
i 
P < 0.001 NS NS < 0.001 
1 
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Table 12 : The simple co r re la t ion between height and length 
and width o f hedgerows at s i te A and B 
Length Width 
Si te 
r 0.074 0.779 
A P NS < 0.001 
Site 
r 0.393 0.774 
B P < 0.05 < 0.001 
df = 98 for s i te A and 28 for s i t e B 
Tab!e 13 : The simple co r re la t i on between length and width 
of hedgerows at s i t e A and B 
Site A Site B 
r -0.037 0.243 
P NS NS 
df = 98 for s i te A and 28 for s i te B. 
Table 14 : The simple cor re la t ion between shrub occurrences 




r 0.058 0.118 
P NS NS 
Si te 
B 
r 0.256 0. 383 
P NS < 0.05 
df = 98 for s i te A and 28 for s i te B. 
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3 . 3 Bird d i s t r i bu t i on and abundance at s i t e A and B 
The mode of the d i s t r i bu t i on of the number of birds per 
hedge was between 4 and & birds at s i t e A while at s i t e B i t was 
between 1 - 3 b i rds. The mean numbers of birds per hedge was 
8 . 3 ± S D 5 . 6 at s i te A and 5 . 3 ± S D 3 . 5 at s i te B (Table 1 6 ) and 
th is di f ference is s i gn i f i can t ( t = 3 . 5 , df = 1 2 8 , p< 0 . 0 0 2 ) . 
The frequency d i s t r i bu t i on of numbers of bird species per 
hedge was 2 - 3 birds at both s i t es . The mean of the numbers of 
b i rd species per hedge was 3 . 3 ± S D 1 . 6 4 at s i t e A and 2 . 5 ± S D 1 . 4 
at s i t e B. This di f ference in the mean is s i gn i f i can t 
( t = 2 . 9 , df = 1 2 8 , p < 0 . 0 1 ) Table 1 7 ) . Table 18 gives the 
frequency d i s t r i bu t i on of b i rda -d i ve rs i t y index in each hedge at 
both s i tes but the d i f ference in the means is not s i gn i f i can t 
( t = 1 . 0 2 , df = 1 2 8 ) . 
The re la t i ve abundance of each b i rd species was d i f f e ren t 
at the two s i t es . For example, at s i t e A , the yellowhammer formed 
2 0 . 3 % of the to ta l b i rd number (821 b i rds) and at s i t e B i t 
was 9 .7% of the to ta l b i rd numbers ( 1 5 4 b i r ds ) . This di f ference 
is s ign i f i can t ( = 8 .91 , p< 0 . 0 1 ) . The blackbird was 2 2 . 1 % of 
to ta l b i rd numbers at s i te B and 1 2 . 3 % of the to ta l b i rd numbers 
at s i te A , again a s ign i f i can t di fference ( x ^ = 9 . 5 9 , p < 0.01). 
Table 1 9 ) . 
Table 20 shows the di f ference in the re l a t i ve abundance 
of bird species at both s i tes . The yel1owhammer was the 
commonest b i rd at s i te A and the blackbird was the commonest bird 
at s i te B. 
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The re la t i ve abundance of greenfinch, chaf f inch , whi te throat , 
wren and dunnock were not s i g n i f i c a n t l y d i f f e ren t at the two 
s i tes (Tables 19 and 20). The to ta l density of b i rd species per 
1000m of hedge at s i t e B was greater than at s i te A (47.5 and 
38.1 ind iv iduals respect ively) (Table 21). Again, the yel1owhammer 
had the highest population density at s i te A (7.7 indiv iduals 
per 1000 m) and the blackbird had the highest population density at 
s i t e B (10.5 ind iv iduals per 1000 m). The dunnock had the lowest 
population density (0.3 indiv idual per 1000 m) at both s i t es . 
The l i nne t and greenfinch were present at s i te A (1.5 and 1.2 
ind iv idual per 1000 m respect ive ly) while they were absent from 
s i t e B. The ra t io of densityof song thrush at s i tes B and A (3.78) 
showed that th i s species was 3.8 times more abundant at s i t e B 
while the dunnock was over 4 times more abundant at s i t e B than at 
s i t e A (Table 21 ). 
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Table 19 : A comparison of b i rd species re la t i ve abundance 
at s i te A and B 












Yel1owhammer 167 20.3 15 9.7 8.91 <0 .01 
Chaffi nch 134 16.3 27 17.5 0.06 N S 
Blue t i t 123 15.0 10 6.5 7.23 <0 01 
Blackbird 101 12.3 34 22.1 9.59 <0 001 
Whitethroat 64 7.8 7 4.6 1 .58 N S 
Robi n 40 4.9 15 9.7 4.89 <0 05 
Wi 1 low Warbl er 33 4.0 13 8.4 4.70 <0 05 
Wren 32 3.9 7 4.6 0.02 N s 
Li nnet 32 3.9 0 0.0 5.04 <0 05 
Dunnock 27 3.3 1 0.7 2.36 N s 
Great t i t 25 3.1 14 9.1 10.92 <0 01 
Greenfi nch 24 2.9 0 0.0 3.48 N s 
Song thrush 19 2.3 11 7.1 8.58 <0 01 
Total 821 100 1 54 100 
* For the s c i e n t i f i c name of birds see Table 1 
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Table 20 : The differences in the re la t i ve abundance of birds 
at s i te A and B 
Signi f i can t l y more 
common at s i te A 
Si gni f i cant ly more 
common at s i te B 
No s ign i f i can t d i f f -
erence between A and B 
Yel1owhammer Blackbi rd Greenfi nch 
Blue t i t Great t i t Cha f f i nch 
Robi n Willow warbler Whitethroat 
Li nnet Wren 
Songthrush j Dunnock 
Table 21 : The density of bird species per 1000 m of hedge at s i te A 
X 2 1 5 6 8 m) and s i te B (3241 m) and the ra t ios of b i rd species 
at both s i tes 
Bird species Site A Site B 
g 
Ratio : 
Yel1owhammer 7.7 4.6 0.59 
Chaffi nch 6.2 8.3 1 .34 
Blue t i t 5.7 3.1 0.54 
Blackbi rd 4.7 10.5 2.23 
Whi te throat 2.9 2 .2 0.76 
Ro b i n 1 .9 4.6 2.42 
Willow warbler 1.5 4.0 2.67 
Wren 1 .5 2.2 1 .47 
Li nnet 1 .5 0 0 
Dunnock 1.3 0.3 0.23 
Great t i t 1.2 4.3 3.58 
Greenfi nch 1 .1 0 0 
Song thrush 0.9 3.4 3.78 
Total b i rd density 38.1 47.5 1 .25 
-25-
3.4 Birds and hedgerow character is t ics at s i tes A and B 
Tables 22, 23 and 24 give the simple cor re la t ion between 
birds and hedgerow character is t ics at both s i t es . These were 
examined to show which of the independent variables correlated 
with b i rd d i v e r s i t y , number of b i rd species and number of 
ind iv iduals of b i r d . Table 22 gives the simple cor re la t ion 
coe f f i c ien ts between b i rd a -d ive rs i t y index and the hedgerow 
character is t ics at the two study areas. Most of the independent 
variables at s i t e A were s i gn i f i can t . At s i te B, a l l of the 
hedgerow character is t ics were s i g n i f i c a n t . The height of hedges 
at s i t e B was highly correlated with bird d i ve rs i t y (r = +0.739, 
df = 28, p <0.001). 
The number of b i rd species was pos i t i ve ly correlated with 
a l l independent variables at both s i tes (Table 23). At s i te 
B, the cor re la t ion coe f f i c ien ts between number of b i rd species and 
independent variables were greater than at s i te A. The length was 
more highly correlated with b i rd species at s i t e B (r = +0.673, 
df = 28, p <0.001) than at s i t e A (r = +0.275, df = 98, p <0.01). 
Table 24 gives the cor re la t ion coef f i c ien ts between bird numbers 
and hedgerow charac te r i s t i cs . At s i te A, the cor re la t ion between 
b i rd numbers and hedgerow character is t ics were pos i t i ve ly correlated 
but the shrub a -d ive rs i t y and the number of shrub species were 
not s i gn i f i can t . The length was s ign i f i can t at s i t e B while the 
other independent variables were not s i gn i f i can t . The length was 
highly correlated with bird numbers at s i tes B and A (r = +0.481, 
df - 28, p 0 .01 ; r = +0.362, df = 98, p <0.001 respect ive ly ) . 
-26-
Table 25 gives the simple corre lat ions between numbers of 
blackbird and hedgerow character is t ics at s i t e A and B. The 
blackbird numbers were correlated with length of hedgerow at 
s i te B ( r = +0.282, df = 28, p <0.01) but not s i g n i f i c a n t l y related 
to any of the other independent variables at e i ther s i t e . The 
dunnock numbers were correlated with height, shrub a -d ivers i t y and 
number of shrub species at s i te B, but not s i g n i f i c a n t l y with a l l 
the other independent variables at both s i tes (Table 26). 
-27-
Table 22 : The simple cor re la t ion between b i rd a -d i ve r s i t y index 
and the hedgerow character is t ics at si tes A and B 




Value of r 0.205 0.301 0.213 0.301 0.320 
Value of p NS < 0.01 NS < 0.01 <0.01 
Site 
B 
Value of r 0.622 0.597 0.739 0.359 0.514 
Val ue of p < 0.001 < 0.001 < 0.001 < 0.05 O.01 
df = 98 for s i te A and 28 for s i te B. 
* Sh.a-D.I is the shrub a-d ivers i ty index. 
Table 23 : The simple corre la t ion between number of b i rd species 
and the hedgerow character is t ics at si tes A and B 




Value of r 0.275 0.344 0.278 0.292 0.326 
Value of p < 0.01 < 0.001 < 0.01 < 0.01 cO.001 
Site 
B 
Value of r 0.673 0.469 0.619 0.494 0.652 
Val ue of p < 0.001 < 0 .01 < 0.001 < 0.01 < 0.001 
df = 98 for s i te A and 28 for s i t e B 
- 2 8 -
T a b l e 24 : The s i m p l e c o r r e l a t i o n between b i r d numbers and hedgerow 
c h a r a c t e r i s t i c s a t s i t e s A and B 




W i d t h H e i g h t S h a - D . I . 
! 
Shrub 
s p e c i e s 
S i t e 
A 
Va lue r 0 .362 0 .289 0 .289 0 .171 0 . 2 3 5 
Val ue o f p < 0.001 < 0 .01 < 0 .01 NS NS 
S i t e 
B 
Val ue o f r 0 .481 0 . 1 9 3 0 .089 0 . 2 2 3 0 . 3 3 8 
Va lue o f p < 0.01 NS NS NS NS 
d f = 98 f o r s i t e A and 28 f o r s i t e B. 
T a b l e 25 : The s i m p l e c o r r e l a t i o n between b l a c k b i r d and hedgerow 
c h a r a c t e r i s t i c s a t s i t e s A and B 
Hedge c h a r a c t e r -
i s t i c s 
Leng th w i d t h H e i g h t Shrub a -
d i v e r s i t y 
Shrub 
s p e c i e s 
1 r 0 .193 - 0 . 1 1 6 - 0 . 1 2 7 - 0 . 0 1 2 0 . 0 2 7 
P NS NS NS NS NS 
r 0 .282 - 0 . 1 3 9 0 .092 - 0 . 2 2 7 - 0 . 2 1 4 
P < 0 .01 NS NS NS NS 
d f = 98 f o r s i t e A and 28 f o r s i t e B 
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T a b l e 26 : The s i m p l e c o r r e l a t i o n between dunnock and hedgerow 
c h a r a c t e r i s t i c s a t s i t e s A and B 
Hedge c h a r a c -
ter !* s t i e s 
L e n g t h Wid th Hei g h t S h . a - D . I . Shrub 
s p e c i e s 
S i t e 
A 
r 0 .146 - 0 . 1 5 5 - 0 . 0 8 7 0 .055 0 .080 
P NS NS NS NS NS 




0 . 2 1 5 i 0 .340 0 .457 0 .357 0 .414 
P NS NS <0.01 <0 .05 <0 .02 
d f = 98 f o r s i t e A and 28 f o r s i t e B. 
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3 .5 M u l t i p l e r e g r e s s i o n a n a l y s i s 
R e g r e s s i o n a n a l y s i s i s a p p r o p r i a t e because i t can be used 
f o r p r e d i c t i o n and s t a t i s t i c a l c o n t r o l and t h e r e f o r e i s an 
i m p o r t a n t s u b j e c t i n s t a t i s t i c s and an i n v a l u a b l e t o o l (Soke l 1 9 6 9 ) . 
M u l t i p l e r e g r e s s i o n i s m a t h e m a t i c a l l y an e x t e n t i o n o f l i n e a r 
r e g r e s s i o n t o i n c l u d e more t h a n one i n d e p e n d e n t v a r i a b l e i n t h e 
f i n a l e q u a t i o n . I n t h i s i n v e s t i g a t i o n b i r d n u m b e r s , b i r d d i v e r s i t y 
and b i r d s p e c i e s a r e used as dependen t v a r i a b l e s on c h a r a c t e r i s t i c s 
o f hedge ( l e n g t h , w i d t h , h e i g h t s h r u b a - d i v e r s i t y , vo lume and 
hedge p l a n e a r e a ) as i n d e p e n d e n t v a r i a b l e s . The m u l t i p l e r e g r e s s i o n 
c o e f f i c i e n t measures t h e p r o p o r t i o n o f v a r i a t i o n i n t h e dependent 
v a r i a b l e s e x p l a i n e d by a l l t h e i n d e p e n d e n t v a r i a b l e s i n c l u d i n g i n 
t h e r e g r e s s i o n e q u a t i o n ( B a i l e y 1 9 8 1 , Rands 1 9 8 2 ) . The m u l t i p l e 
r e g r e s s i o n c o e f f i c i e n t has been used i n t h i s s t u d y f o r two purposes 
f i r s t l y , t o f i n d w h i c h hedge c h a r a c t e r i s t i c s r e l a t e t o b i r d numbers , 
b i r d d i v e r s i t y and b i r d s p e c i e s and t o measure t h e e x p e c t e d change 
i n dependen t v a r i a b l e f o r u n i t change i n t h e i n d e p e n d e n t v a r i a b l e s . 
The second pu rpose i s t o examine w h e t h e r t h e r e i s a d i f f e r e n c e 
between t h e s t u d y a r e a s . T a b l e s 2 7 , 28 and 29 g i v e t h e s t e p w i s e 
m u l t i p l e r e g r e s s i o n a n a l y s i s f o r b i r d numbers , b i r d d i v e r s i t y and 
b i r d s p e c i e s as dependent v a r i a b l e s and t h e c h a r a c t e r i s t i c s o f 
hedge as i n d e p e n d e n t v a r i a b l e s a t s i t e s A and B. B i r d numbers 
and b i r d d i v e r s i t y were c o r r e l a t e d w i t h l e n g t h and w i d t h a t s i t e s 
A and B. N e i t h e r s i t e had s i g n i f i c a n t d i f f e r e n c e s between t h e i r 
m u l t i p l e r e g r e s s i o n c o e f f i c i e n t s ( T a b l e s 27 and 2 8 ) . The o t h e r 
i n d e p e n d e n t v a r i a b l e s ( h e i g h t , s h r u b a - d i v e r s i t y , vo lume and 
hedge p l a n a r e a ) d i d no t e n t e r t h e programme. B i r d s p e c i e s were 
-31 -
c o r r e l a t e d w i t h l e n g t h , h e i g h t and s h r u b a - d i v e r s i t y a t b o t h s i t e s 
e x c e p t h e i g h t was no t s i g n i f i c a n t a t s i t e A. A g a i n , s i t e s A 
and B d i d n o t have s i g n i f i c a n t d i f f e r e n c e s between t h e i r m u l t i p l e 
r e g r e s s i o n c o e f f i c i e n t s ( T a b l e 2 9 ) . The w i d t h , vo lume and hedge 
p l a n a rea d i d n o t e n t e r t h e programme. 
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4 . DISCUSSION 
4 .1 The p a t t e r n o f d i s t r i b u t i o n o f hedgerow c h a r a c t e r i s t i c s 
I n g e n e r a l , b o t h s i t e s A and B were s i m i l a r i n p a t t e r n o f 
t h e f r e q u e n c y d i s t r i b u t i o n o f t h e r e c o r d e d hedgerow c h a r a c t e r i s t i c s 
such as w i d t h , h e i g h t , t h e commonest s h r u b s p e c i e s ( h a w t h o r n ) 
and s h r u b a - d i v e r s i t y . The two s i t e s d i f f e r e d i n t h e p e r c e n t a g e 
o c c u r r e n c e s o f dom inan t and n o n - d o m i n a n t hedge s h r u b . For 
e x a m p l e , haw tho rn was t h e dominan t s h r u b s p e c i e s a t s i t e s A and B 
bu t d i f f e r e d i n p e r c e n t a g e o c c u r r e n c e s o f t h e d o m i n a n t . The 
dominance o f h a w t h o r n i s n o t s u r p r i s i n g because i t i s t h e most 
f r e q u e n t p l a n t used f o r hedg ing i n B r i t a i n ( P o l l ard ert al_. 1 9 7 4 ) . 
4 . 2 The s i m p l e c o r r e l a t i o n s between hedgerow c h a r a c t e r i s t i c s 
a t s i t e A and B 
T a b l e s 10 - 14 g i v e t h e s i m p l e c o r r e l a t i o n between hedgerow 
c h a r a c t e r i s t i c s . The h e i g h t and w i d t h o f t h e hedge were h i g h l y 
c o r r e l a t e d a t b o t h s i t e s A and B ( r = + 0 . 7 7 9 , d f = 9 8 , p < 0 . 0 0 1 ; 
r = + 0 . 7 7 4 , d f - 2 8 , p <0 ,001 r e s p e c t i v e l y ( T a b l e 1 2 ) . T h i s 
i s p r o b a b l y due t o t h e management o f t h e hedgerow where t h e f a r m e r s 
c o n t r o l t h e h e i g h t and w i d t h o f t h e hedges a t s p e c i f i c p e r i o d s o f 
t i m e by t r i m m i n g , 
4 . 3 B i r d d i s t r i b u t i o n 
A l t h o u g h s i t e s A and B had no d i f f e r e n c e s i n t h e main 
hedgerow c h a r a c t e r i s t i c s , t h e p a t t e r n o f t h e d i s t r i b u t i o n o f 
b i r d s p e c i e s and i n d i v i d u a l s o f b i r d were h i g h l y s i g n i f i c a n t l y 
d i f f e r e n t between t h e s i t e s ( T a b l e s 16 and 1 7 ) . T h i s d i f f e r e n c e 
may be due t o t h e d i f f e r e n c e i n l e n g t h o f hedges a t t h e s i t e s . 
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But t h i s f i n d i n g i s c o n t r a r y t o t h e v i e w o f Osborne (1983 ) who f ound 
t h a t t h e l e n g t h o f hedgerow gave a poor c o r r e l a t i o n w i t h s p e c i e s 
number compared w i t h t h e o t h e r v a r i a b l e s . T h i s d i f f e r e n c e m i g h t 
be due t o s u r r o u n d i n g h a b i t a t , f o r example d i t c h e s , t r e e s and 
hedgerow management. These s u r r o u n d i n g v a r i a b l e s were n o t c o n s i d e r e d 
i n d e t a i l i n t h i s s t u d y . A r n o l d ( 1983 ) f ound t h a t b l a c k b i r d s 
were i n f l u e n c e d by t h e amount o f c o v e r i n t h e d i t c h e s w h i l s t 
song t h r u s h e s were n o t . The same a u t h o r f ound t h a t t h e t r e e 
s p e c i e s were t h e m a j o r f a c t o r s d e t e r m i n i n g t h e abundance o f t h e 
wren and g r e a t t i t . Pa rs l ow ( 1 9 6 9 ) f o u n d p o o r e r b r e e d i n g success 
f o r a number o f s p e c i e s i n hedges t r i m m e d t o 1.2 m compared w i t h 
t h a t o f n e s t s i n h i g h e r , un t r immed hedges . 
The f r e q u e n c y d i s t r i b u t i o n o f b i r d d i v e r s i t y was n o t s i g n i f i c a n t l y 
d i f f e r e n t a t b o t h s i t e s b u t t h e s p e c i e s c o m p o s i t i o n d i d d i f f e r . 
4 . 4 B i r d r e l a t i v e abundance 
R e f e r e n c e t o T a b l e 19 shows t h a t t h e r e l a t i v e abundance o f 
each b i r d s p e c i e s was d i f f e r e n t a t b o t h s i t e s . For e x a m p l e , 
ye l l owhammer fo rmed 20.3% o f a l l b i r d s r e c o r d e d a t s i t e A and 
9.7% a t s i t e B and t h e b l a c k b i r d abundance was 2 2 . 1 % o f t h e t o t a l 
b i r d numbers a t s i t e B and 12.3% a t s i t e A. G e n e r a l l y s p e a k i n g , 
t h e ye l l owhammer was t h e commonest b i r d a t s i t e A and t h e 
b l a c k b i r d was t h e commonest b i r d a t s i t e B ( T a b l e 2 0 ) . The song 
t h r u s h was 3 .8 t i m e s more abundan t a t s i t e B t h a n a t s i t e A w h i l e 
t h e dunnock was o v e r 4 t i m e s more abundan t a t s i t e B t h a n a t 
s i t e A ( T a b l e 21 ) . 
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4 . 5 B i r d d e n s i t y 
A t s i t e B t h e t o t a l d e n s i t y o f b i r d s per 1000 m. o f hedge 
was g r e a t e r t h a n a t s i t e A ( 4 7 . 5 and 38 .1 i n d i v i d u a l s r e s p e c t i v e l y ) . 
T h i s may be due t o t h e s u r r o u n d i n g a rea w h i c h was v e r y poor i n 
v e g e t a t i o n c o v e r because many o f t he f a r m l a n d b o u n d a r i e s were 
s t o n e w a l l s w h i c h f o r c e d a l l t h e b i r d s t o c o n c e n t r a t e i n t h e 
r e m a i n i n g hedges w h i c h o c c u r r e d a t s i t e B. The b l a c k b i r d had 
t h e h i g h e s t p o p u l a t i o n d e n s i t y a t s i t e B ( 1 0 . 5 i n d i v i d u a l s pe r 
1000 m ) . T h i s i s p r o b a b l y because t h e hedges o f s i t e B a r e near 
fa rms ( i n c l u d i n g b u i l d i n g s , r o a d s , ga rdens and h o u s e s ) . The 
dunnock had t h e l o w e s t p o p u l a t i o n d e n s i t y o f t h e b i r d s p e c i e s 
w h i c h were p r e s e n t a t b o t h s i t e s . The l i n n e t and g r e e n f i n c h were 
p r e s e n t a t s i t e A bu t were a b s e n t f r o m s i t e B ( T a b l e 2 1 ) . 
4 . 6 The r e l a t i o n s h i p s between t h e b i r d and 
hedgerow c h a r a c t e r i s t i c s 
A c l o s e c o r r e l a t i o n between b i r d s p e c i e s d i v e r s i t y and 
f o l i a g e h e i g h t was f ound by M a c A r t h u r ( 1961 ) and t h i s was f o l l o w e d 
by many s i m i l a r r e p o r t s (Fo r r e v i e w see N i l s o n 1 9 7 9 , Osborn 1 9 8 4 ) . 
But no a t t e m p t has been made t o s t u d y t h e r e l a t i o n s h i p between 
b i r d s p e c i e s d i v e r s i t y and t h e hedgerow c h a r a c t e r i s t i c s ; l e n g t h , 
w i d t h , h e i g h t , hedge v o l u m e , hedgerow p l a n a rea and hedgerow 
s h r u b s p e c i e s d i v e r s i t y . S i m p l e c o r r e l a t i o n s have been used t o 
show how many o f t h e s e i n d e p e n d e n t v a r i a b l e s c o r r e l a t e d w i t h b i r d 
d i v e r s i t y , b i r d s p e c i e s and b i r d numbers a t b o t h s t u d y a r e a s . The 
number o f b i r d s p e c i e s a t bo th s i t e s was c o r r e l a t e d w i t h a l l 
hedgerow c h a r a c t e r i s t i c s e x c e p t t h a t s h r u b o c c u r r e n c e s were no t 
s i g n i f i c a n t a t s i t e A ( T a b l e 2 3 ) . 
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The p r e d i c t i o n e q u a t i o n o f b i r d s p e c i e s d i v e r s i t y a t s i t e B i s 
( - 0 . 3 9 0 ± 0 . 2 2 7 1 ) + ( 0 . 3 4 6 ± 0 . 0 9 2 ) x w i d t h + ( 0 . 0 0 7 3 ± 0 . 0 2 ) x l e n g t h . 
The number o f b i r d s p e c i e s were c o r r e l a t e d w i t h l e n g t h , h e i g h t and sh rub 
d i v e r s i t y a t bo th s i t e s ( e x c e p t h e i g h t was n o t s i g n i f i c a n t a t s i t e A ) . 
Both s i t e s d i d n o t have s i g n i f i c a n t d i f f e r e n c e s i n t h e m u l t i p l e 
c o r r e l a t i o n c o e f f i c i e n t s . A p r e d i c t i o n o f t h e number o f b i r d s p e c i e s 
can be c a l c u l a t e d by u s i n g t h e g e n e r a l m u l t i p l e r e g r e s s i o n e q u a t i o n 
( T a b l e 2 9 ) . 
T a b l e 15 g i v e s t he m u l t i p l e r e g r e s s i o n c o e f f i c i e n t between 
s h r u b a - d i v e r s i t y as dependen t v a r i a b l e and h e i g h t , l e n g t h and w i d t h 
o f hedges as i n d e p e n d e n t v a r i a b l e s a t s i t e s A and B. Bo th s i t e s have 
s i g n i f i c a n t d i f f e r e n c e s between t h e i r m u l t i p l e r e g r e s s i o n c o e f f i c i e n t 
o f l e n g t h . T h i s i s because b o t h s i t e s were d i f f e r e n t i n t h e i r l e n g t h 
o f h e d g e s . The p r e d i c t i o n e q u a t i o n o f s h r u b a - d i v e r s i t y can be 
c a l c u l a t e d by u s i n g t he g e n e r a l m u l t i p l e l i n e a r r e g r e s s i o n e q u a t i o n . 
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The numbers o f b l a c k b i r d s were c o r r e l a t e d w i t h l e n g t h 
( r = + 0 . 2 8 2 , d f = 9 8 , p < 0 . 0 1 ) a t s i t e A b u t n o t c o r r e l a t e d w i t h 
t h e o t h e r i n d e p e n d e n t v a r i a b l e s a t e i t h e r s i t e s (Tab le 2 5 ) . 
A r n o l d (1983 ) f ound t h a t t h e b l a c k b i r d and dunnock numbers 
c o r r e l a t e d w i t h h e i g h t . In t h i s s t u d y t h e b l a c k b i r d numbers 
were n o t r e l a t e d to hedge h e i g h t a t e i t h e r s i t e ( T a b l e 2 5 ) . The 
dunnock numbers were h i g h l y c o r r e l a t e d w i t h hedge h e i g h t a t s i t e B 
( r = + 0 . 4 5 7 , d f = 2 8 , p < 0 . 0 1 ) b u t n o t s i g n i f i c a n t l y so a t s i t e A. 
4 . 7 M u l t i p l e r e g r e s s i o n a n a l y s i s 
The m u l t i p l e r e g r e s s i o n has been used t o f i n d w h i c h m u l t i p l e s 
o f i n d e p e n d e n t v a r i a b l e s (hedgerow c h a r a c t e r i s t i c s ) r e l a t e d t o 
dependen t v a r i a b l e s ( b i r d s p e c i e s , b i r d numbers and b i r d d i v e r s i t y ) and 
t o measure t h e e x p e c t e d change i n dependen t v a r i a b l e s . A l s o t o 
examine d i f f e r e n c e s between t h e two s t u d y a r e a s . B i r d numbers and 
b i r d s p e c i e s d i v e r s i t y were c o r r e l a t e d w i t h l e n g t h and w i d t h a t s i t e s 
A and B. Both s i t e s d i d have s i g n i f i c a n t d i f f e r e n c e s i n t h e i r 
m u l t i p l e r e g r e s s i o n s . From Tab les 27 and 28 one can compute t h e 
p r e d i c t e d number o f b i r d s and b i r d s p e c i e s d i v e r s i t y f o r any g i v e n 
u n i t o f l e n g t h and w i d t h o f any hedge a t e i t h e r s i t e u s i n g t h e 
g e n e r a l m u l t i p l e r e g r e s s i o n e q u a t i o n ( y = a + b j . x + b^. x 2 ) s o , 
t h e p r e d i c t i o n e q u a t i o n o f b i r d numbers a t s i t e A i s 
( 0 . 5 8 5 ± 1 .53 ) = ( 0 . 0 2 3 ± 0 . 0 0 5 ) x l e n g t h + ( 1 . 6 ± 0 . 4 7 ) x w i d t h . 
The p r e d i c t i o n e q u a t i o n o f b i r d numbers a t s i t e B i s 
( - 0 . 2 9 8 ± 2 . 0 8 4 ) + ( 0 . 0 4 6 ± 0 . 0 2 ) x l e n g t h + ( 0 . 3 9 3 ± 0 . 8 4 4 ) x w i d t h . 
The p r e d i c t i o n e q u a t i o n o f b i r d s p e c i e s d i v e r s i t y a t s i t e A i s 
( 0 . 5 0 2 + 0 . 1 7 ) + ( 0 . 1 7 1 ± 0 . 0 5 2 2 ) x w i d t h + ( 0 . 0 0 1 4 ± 0 . 0 0 0 6 ) x l e n g t h 
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SUMMARY 
1 . The a im o f t h i s s t u d y was t o r e l a t e hedgerow c h a r a c t e r i s t i c s t o 
b i r d d i v e r s i t y , b i r d numbers and t h e number o f b i r d s p e c i e s . 
2 . The s t u d y was c a r r i e d o u t a t two s i t e s A and B. S i t e A c o n s i s t e d 
o f hundred hedges wh i ch were examined nea r Durham C i t y and 
s i t e B c o n s i s t e d o f t h i r t y hedges s t u d i e d i n W e a r d a l e . 
3 . T h i r t e e n s p e c i e s o f t h e commonest hedgerow b i r d s were r e c o r d e d 
a t b o t h s i t e s . The y e l l o w hammer was the commonest b i r d a t 
s i t e A and t h e b l a c k b i r d was the commonest b i r d a t s i t e B. 
4 . Twenty t h r e e sh rub s p e c i e s were r e c o r d e d a t b o t h s i t e s . The 
haw tho rn was the dominan t s h r u b s p e c i e s a t b o t h s i t e s . 
5 . a - d i v e r s i t y i n d e x was computed f o r t he b i r d and s h r u b s p e c i e s 
f o r t he two s t u d y a reas u s i n g M a r g l e f ' s d i v e r s i t y i n d e x . The 
o t h e r c a l c u l a t i o n s were p e r f o r m e d u s i n g t he SPSS-X programme. 
6 . S i t e A and B were s i m i l a r i n most o f t h e hedgerow c h a r a c t e r i s t i c s . 
7 . The s i t e s d i f f e r e d i n the l e n g t h o f t h e i r hedges and p e r c e n t a g e 
o c c u r r e n c e s o f t he dominan t and n o n - d o m i n a n t hedge s h r u b s . 
8 . The d i f f e r e n c e i n l e n g t h a t b o t h s i t e s was h i g h l y s i g n i f i c a n t 
( t = 9 . 9 , d f = 1 2 8 , p < 0 . 0 0 1 ) . 
9 . The d i f f e r e n c e i n t he p e r c e n t a g e o c c u r r e n c e s o f n o n - d o m i n a n t 
hedge sh rub a t b o t h s i t e s was h i g h l y s i g n i f i c a n t 
( t = 3 . 5 , d f = 1 2 8 , p < 0 . 0 0 2 ) . 
10 . The l e n g t h was more h i g h l y c o r r e l a t e d w i t h b i r d s p e c i e s a t s i t e B 
( r = + 0 . 7 , d f = =8 , p < 0 . 0 0 1 ) t h a n a t s i t e A ( r = + 0 . 3 , d f = 9 8 , 
p <0 .01 ) . 
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1 1 . The h e i g h t and w i d t h o f hedge were h i g h l y c o r r e l a t e d a t b o t h 
s i t e s A and B ( r = + 0 . 8 , d f = 9 8 , p < 0 . 0 0 1 ; r = + 0 . 8 , d f = 2 8 , 
p <0 .001 r e s p e c t i v e l y ) . 
1 2 . The f r e q u e n c y d i s t r i b u t i o n o f b i r d d i v e r s i t y was n o t s i g n i f i c a n t l y 
d i f f e r e n t a t b o t h s i t e s b u t t h e s p e c i e s c o m p o s i t i o n d i d d i f f e r . 
13 . A t s i t e B t h e t o t a l d e n s i t y o f b i r d s p e r 1000 m o f hedge 
was g r e a t e r t h a n a t s i t e A (48 and 38 i n d i v i d u a l s r e s p e c t i v e l y ) . 
1 4 . The m u l t i p l e r e g r e s s i o n c o e f f i c i e n t has been used i n t h i s s t u d y 
f o r two p u r p o s e s . F i r s t l y , t o f i n d w h i c h hedge c h a r a c t e r i s t i c s 
r e l a t e t o b i r d s and measure t h e e x p e c t e d change i n dependen t 
v a r i a b l e f o r u n i t change i n t he i n d e p e n d e n t v a r i a b l e s . The 
second pu rpose i s t o examine w h e t h e r t h e r e i s a d i f f e r e n c e 
between t h e s t u d y a r e a s . 
1 5 . B i r d numbers and b i r d d i v e r s i t y were c o r r e l a t e d w i t h l e n g t h 
and w i d t h a t s i t e s A and B. N e i t h e r s i t e had s i g n i f i c a n t 
d i f f e r e n c e between t h e i r m u l t i p l e r e g r e s s i o n c o e f f i c i e n t s . 
1 6 . The p r e d i c t i o n e q u a t i o n o f b i r d numbers , b i r d s p e c i e s and 
b i r d d i v e r s i t y were c a l c u l a t e d u s i n g t h e g e n e r a l m u l t i p l e 
l i n e a r r e g r e s s i o n e q u a t i o n (y = a + b .x + b .x )• 
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APPENDIX 1 FORMAT OF ORIGINAL DATA FOR S I T E S A AND B 
Columns V a r i a b l e Columns V a r i a b l e 
1 - 3 Number o f hedge 41 - 43 Hawthorn o c c u r r e n c e s 
4 - 6 Length o f hedge 44 - 45 P r i v e t o c c u r r e n c e s 
7 - 9 Width o f hedge 46 - 47 I v y o c c u r r e n c e s 
10 - 12 Hei ght o f hedge 48 - 49 H o r s e - c h e s t n u t o c c u r r e n c e s 
13 - 14 B i r d numbers 50 - 51 Hazel o c c u r r e n c e s 
15 B i r d s p e c i e s 52 - 53 E l d e r o c c u r r e n c e s 
16 - 18 Shrub o c c u r r e n c e s 54 - 55 Sycamore o c c u r r e n c e s 
19 Shrub s p e c i e s 56 - 57 H o i l y o c c u r r e n c e s 
20 - 23 B i r d a - d i v e r s i t y index 58 - 59 Rose o c c u r r e n c e s 
24 - 27 Shrub a - d i v e r s i t y index 60 - 61 Ash o c c u r r e n c e s 
28 B l a c k b i r d numbers 62 - 63 Bramble o c c u r r e n c e s 
29 Robin numbers 64 - 65 B l a c k t h o r n o c c u r r e n c e s 
30 Blue t i t numbers 66 - 67 Beech o c c u r r e n c e s 
31 Great t i t numbers 68 - 69 Rowan o c c u r r e n c e s 
32 Dunnock numbers 70 - 71 Wi1 low o c c u r r e n c e s 
33 W h i t e t h r o a t numbers 72 - 73 Hornbeam o c c u r r e n c e s 
34 Yellowhammer numbers 74 - 75 Yew o c c u r r e n c e s 
36 Songthrush numbers 76 - 77 Oak o c c u r r e n c e s 
37 C h a f f i n c h numbers 78 - 79 Gorse o c c u r r e n c e s 
38 L i n n e t numbers 80 - 81 Whitebeam o c c u r r e n c e s 
39 Wren numbers 82 - 83 Elm o c c u r r e n c e s 
40 G r e e n f i n c h numbers 84 - 85 Cherry o c c u r r e n c e s 
86 - 87 Norway spruce o c c u r r e n c e s 
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0 7 1 2 9 0 1 . 1 1 . 3 0 8 4 0 5 7 5 1 . 4 4 0 . 9 9 0 0 2 0 0 0 3 1 0 2 0 0 0 0 1 8 0 0 0 0 0 0 0 0 2 0 0 0 0 2 1 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 2 1 8 0 1 . 0 1 . 0 0 4 3 0 3 4 4 1 . 4 4 0 . 8 5 0 0 2 0 0 0 1 0 1 0 0 0 0 0 1 5 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 
0 7 3 1 6 0 1 . 3 1 . 6 0 7 3 0 2 7 4 1 . 0 3 0 . 9 1 0 0 1 0 0 0 5 0 0 0 0 1 0 0 1 5 0 0 0 0 0 0 0 0 0 6 0 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 4 2 0 0 1 . 0 1 . 4 0 8 3 0 3 9 3 0 . 9 6 0 . 5 5 0 0 2 0 0 0 1 0 0 5 0 0 0 0 2 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 5 1 9 0 1 . 2 1 . 4 0 2 2 0 4 8 5 1 . 4 4 1 . 0 3 0 0 0 0 0 0 1 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
0 7 6 3 4 0 1 . 0 1 . 2 0 7 4 0 6 4 4 1 . 5 4 0 . 7 2 0 0 2 0 0 0 1 0 0 4 0 0 1 0 2 9 0 0 0 0 0 0 0 0 1 5 0 0 0 0 1 7 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 7 1 3 0 1 . 3 1 . 4 0 5 2 0 2 4 3 0 . 6 2 0 . 6 3 0 0 2 0 0 0 0 0 0 3 0 0 0 0 1 5 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 7 8 1 7 5 1 . 2 1 . 6 0 4 3 0 3 0 3 1 . 4 4 0 . 5 9 0 1 0 0 0 1 0 0 0 0 2 0 0 0 1 7 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 
0 7 9 1 5 0 1 . 8 1 . 6 0 4 3 0 2 8 3 1 . 4 4 0 . 6 0 0 1 1 0 0 2 0 0 0 0 0 0 0 0 1 5 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 8 0 1 6 0 4 . 0 3 . 0 1 2 5 0 3 3 4 1 . 6 1 0 . 8 6 2 0 0 0 0 0 3 2 0 4 0 1 5 0 2 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
0 8 1 2 9 0 2 . 0 3 . 0 1 3 5 0 4 3 6 1 . 5 6 1 . 3 3 2 0 3 0 2 0 2 0 0 4 0 0 0 0 1 6 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 3 0 1 0 4 0 1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0822853 . 03 . 5 0 8 5 0 5 8 7 1 . 9 2 1 . 4 8 0 0 2 1 0 0 2 1 2 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 4 0 5 0 5 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
0 8 3 2 9 0 1 . 3 1 . 8 0 3 2 0 5 8 4 0 . 9 1 0 . 7 4 0 0 0 0 2 0 0 0 1 0 0 0 0 0 2 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 
0 6 4 2 8 0 1 . 0 1 . 9 0 2 2 0 5 6 2 1 . 4 4 0 . 2 5 0 0 0 0 1 0 0 0 0 0 0 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 8 5 2 5 5 1 . 8 2 . 2 0 6 4 0 4 1 6 1 . 4 4 1 . 3 5 0 0 3 1 0 0 2 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 8 0 0 0 1 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 8 6 2 5 0 0 . 9 1 . 0 0 9 2 0 4 9 5 0 . 6 8 1 . 0 2 0 2 0 0 3 0 4 0 0 0 0 0 0 0 2 9 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 8 0 3 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 8 7 2 0 0 2 . 0 2 . 0 0 5 3 0 3 9 5 1 . 2 4 1 . 0 9 0 0 0 0 1 0 4 1 0 0 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 8 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 8 8 1 5 5 2 . 0 1 . 7 0 6 4 0 3 1 7 1 . 6 7 1 . 7 5 0 0 1 0 0 2 2 0 0 0 0 1 0 0 1 5 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 5 0 2 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
0 8 9 1 7 5 1 . 3 1 . 6 0 3 2 0 3 4 3 0 . 9 1 0 . 5 7 0 0 0 0 0 0 0 0 1 0 0 2 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 0 1 2 5 2 . 0 3 . 0 0 8 4 0 2 1 5 1 . 4 4 1 . 3 1 0 0 1 0 0 0 2 0 0 3 0 2 0 0 0 9 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 1 1 8 5 1 . 1 1 . 2 0 6 3 0 1 5 6 1 . 1 2 1 . 8 5 0 1 0 0 0 0 2 0 0 0 0 0 3 0 0 2 0 0 0 0 0 0 0 4 0 1 0 0 0 0 0 2 0 1 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 2 1 2 0 0 . 9 1 . 0 0 0 0 0 2 0 1 0 . 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 3 1 7 0 3 . 0 3 . 5 0 9 4 0 3 4 6 1 . 3 7 1 . 4 2 0 0 0 2 0 0 4 1 0 0 0 0 2 0 1 8 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 3 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
0 9 4 1 5 0 0 . 9 1 . 0 0 5 3 0 2 7 5 1 . 2 4 1 . 2 1 0 0 0 0 0 0 2 0 0 0 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 
0 9 5 2 2 5 1 . 0 1 . 9 0 7 3 0 4 4 4 1 . 0 3 0 . 7 9 0 1 0 0 0 0 5 0 0 0 0 2 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 4 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 6 1 5 0 1 . 0 1 . 7 0 7 2 0 3 0 5 0 . 5 1 1 . 1 8 0 0 0 0 0 0 2 0 0 5 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0971802 . 0 3 . 0 0 3 3 0 3 5 5 1 . 8 2 1 . 1 3 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 7 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 3 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 9 8 2 2 0 0 . 8 1 . 0 0 8 3 0 4 3 4 0 . 9 6 0 . 8 0 0 2 0 0 0 0 4 0 0 0 0 0 2 0 2 5 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 8 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0991801 .11 . 3 0 4 2 0 3 4 4 0 . 7 2 0 . 8 5 3 1 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 8 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1001901 . 3 1 . 5 0 5 3 0 4 0 4 1 . 2 4 0 . 8 1 0 0 0 0 2 0 2 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-48-
APPENDIX 3. 
1 0 1 1 3 0 0 . 6 1 . 5 0 3 2 0 2 6 3 0 . 9 1 0 . 6 1 0 0 2 0 0 1 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 2 2 0 0 1 . 0 3 . 0 0 8 5 0 3 9 7 1 . 9 2 1 . 6 4 3 0 2 1 0 0 0 1 0 1 0 0 0 0 1 7 0 0 0 0 0 0 0 3 0 6 0 0 0 0 0 5 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
1 0 3 0 7 0 0 . 6 1 . 0 0 4 2 0 1 3 4 0 . 3 9 1 . 1 7 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 4 0 8 S 0 . 51 . 2 0 2 1 0 1 6 3 0 . 0 0 0 . 7 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 5 0 8 0 2 . 5 3 . 5 0 7 4 0 1 6 2 1 . 5 4 0 . 3 6 3 0 2 1 0 0 0 0 1 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 6 1 4 5 2 . 5 3 . 0 0 4 3 0 2 9 4 1 . 4 4 0 . 8 9 0 0 1 0 0 0 0 0 1 2 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 7 1 0 0 3 . 0 3 . 5 0 3 2 0 2 0 4 0 . 9 1 1 . 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 5 0 2 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 8 1 8 0 3 . 0 3 . 5 0 7 5 0 3 6 6 2 . 0 6 1 . 4 0 0 0 0 0 0 1 0 2 1 2 0 1 0 0 0 2 0 0 0 0 0 0 0 6 0 8 0 4 0 0 1 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 9 0 9 0 3 . 0 3 . 0 0 4 2 0 1 8 3 1 . 4 4 0 . 6 9 0 0 0 0 0 0 0 2 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 1 5 0 3 . 0 4 . 0 0 7 5 0 3 5 7 2 . 0 6 1 . 6 9 0 0 2 0 1 0 0 1 2 1 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 6 0 4 0 0 0 4 0 3 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 0 9 0 1 . 5 2 . 0 0 4 2 0 1 7 2 0 . 7 2 0 . 2 9 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 2 1 2 0 1 . 0 2 . 0 0 3 2 0 3 1 3 0 . 9 1 0 . 6 3 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 1 2 0 0 0 0 0 4 0 0 0 2 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 3 1 0 0 1 . 5 2 . 0 0 2 2 0 2 0 4 1 . 4 4 1 . 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 4 0 7 0 1 . 0 1 . 7 0 0 0 0 1 4 2 0 . 0 0 0 . 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 5 0 8 0 1 . 3 1 . 6 0 3 2 0 1 9 5 0 . 9 1 1 . 3 6 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 2 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
1 1 6 2 0 0 2 . 0 1 . 7 1 3 3 0 4 0 5 1 . 1 7 1 . 0 8 4 0 0 3 0 4 0 0 0 0 0 2 0 0 1 9 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 
1 1 7 1 3 0 1 . 5 2 . 0 0 3 2 0 2 6 4 0 . 9 1 0 . 9 2 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
1 1 8 0 9 0 1 . 7 1 . 8 0 4 2 0 1 8 5 0 . 7 2 1 . 3 8 2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 5 0 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
1 1 9 0 9 5 1 . 3 2 . 3 0 4 3 0 1 8 3 1 . 4 4 0 . 6 9 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0 4 0 0 0 0 0 0 0 8 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 0 0 8 0 1 . 8 2 . 5 0 5 2 0 1 6 3 0 . 6 2 0 . 7 2 0 0 0 0 0 0 3 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 1 1 2 0 2 . 3 2 . 0 0 5 3 0 2 4 6 1 . 2 4 1 . 7 0 0 1 0 0 0 0 2 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 3 0 8 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 2 1 0 0 1 . 8 2 . 0 0 6 3 0 2 0 4 1 . 1 2 1 . 0 0 0 0 0 3 0 0 2 0 1 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 3 0 8 0 1 . 4 1 . 5 0 2 2 0 1 5 4 1 . 4 4 1 . 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 2 0 4 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 4 0 7 0 1 . 6 1 . 8 0 5 2 0 1 4 4 0 . 6 2 1 . 1 4 1 2 0 0 0 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 5 1 1 0 1 . 9 1 . 7 0 5 3 0 1 9 5 1 . 2 4 1 . 3 6 0 1 0 0 0 0 0 0 0 4 0 0 0 0 0 6 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 
1 2 6 0 6 5 1 . 2 1 . 5 0 7 2 0 1 2 3 0 . 5 1 0 . 8 0 0 3 0 0 0 0 0 0 0 4 0 0 0 0 0 5 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 7 0 8 6 2 . 0 1 . 6 0 8 3 0 1 7 5 0 . 9 6 1 . 4 1 3 0 0 0 0 0 4 0 1 0 0 0 0 0 0 6 0 0 0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 6 1 2 0 1 . 1 1 . 3 0 9 3 0 2 1 5 0 . 9 1 1 . 3 1 0 3 0 2 0 0 0 4 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 9 0 8 0 1 . 7 1 . 5 0 1 1 0 1 5 4 0 . 0 0 1 . 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 3 0 1 2 5 1 . 6 1 . 7 1 7 3 0 2 4 4 0 . 7 1 0 . 9 4 6 4 0 3 0 0 0 0 0 4 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
